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(g) A gas turbine. 



) A gas turbine operating on a recuperative gas turbine cycle includes a compressor (12) having liquid 
feed means for feeding water (22) into air compressed during compression and interceding means (24, 
26) for cooling compressed air between compression stages. A heat exchanger (28) provides for heating 
of compressed air by hot exhaust gases from the power generating turbine (32) of the gas turbine, 
before the compressed air is fed into a combustion chamber (40) where it is mixed with fuel and the fuel 
is combusted for generating pressure/heat energy for driving the power generating turbine. The 
interceding of air compressed in the compressor together with air cooling as a result of water 
vaporization and simultaneous vapour loading of the air, and the employment of hot exhaust gases for 
heating compressed air, result in a gas turbine cycle that can provide a gas turbine having a high 
thermal efficiency. 
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THIS INVENTION relates to turbines. More particularly, the invention relates to a gas turbine operating on 
a regenerative gas turbine cycle and to a method of operating a regenerative gas turbine cycle. 

The general configuration of a gas turbine is well known to those skilled in the art Essentially, such a turbine 
includes a first stage compressor whereby air or another gas is compressed and which is associated with sim- 
5 ultaneous heating of the air or gas. The compressed and heated air or gas is fed into a combustion chamber 
where it is mixed with a fuel and through ignition, combustion of the fuel occurs. The pressure/heat energy gen- 
erated through such combustion of the fuel then serves to drive a turbine whereby such energy is converted 
into mechanical power, which can be utilised through connection to a power take-off from the turbine. 

The above general configuration of a gas turbine is well known and it is also known that the specific con- 
10 figuration of a gas turbine is greatly variable. This is not described in any further detail herein. The thermal effi- 
ciency of a conventional gas turbine is very low, usually between 30 and 40 per cent One main factor for this 
tow efficiency is the high power requirements of the compressor, particularly because of the heat generation 
that is commonly associated with compression. 

In order to improve turbine efficiency, it has been proposed to provide for multi-stage compression with 
15 intercooiing between compression stages and for heat generation by heating compressed air before its passage 
to the combustion chamber of the turbine by employing hot exhaust gases emitted from the turbine. 

Although the above has resulted in thermal efficiency improvements, the thermal efficiency of gas turbines 
stni remain relatively low and, accordingly, it is an object of this invention to provide a gas turbine with improved 
thermal efficiency. 

20 Although reference is hereinafter made to the compression of air within the compressor of the gas turbine 

of the invention, other gases also can be compressed for the same purpose and, therefore, any reference herein 
to air must be interpreted as a reference to air or any other gas that can be compressed in the compressor of 
a gas turbine. 

According to a first aspect of the invention there is provided a gas turbine operating on a regenerative gas 
25 turbine cycle, which includes 

a gas compressor for poiytropicaliy compressing air in multiple stages, the gas compressor having prim- 
ary liquid feed means for feeding water at a controlled rate into air during its compression passage through the 
compressor, and at least one intercooiing means for cooling air compressed, which is disposed between two 
of the compression stages provided for by the compressor; 
30 at least one combustion chamber for combusting a fuel mixed with heated compressed air from the gas 

compressor for generating pressure/heat energy; 

a power generating turbine that can be driven by pressure/heat energy generated within the combustion 
chamber for generating power; and 

a primary heat exchanger means for heating compressed air from the gas compressor by hot exhaust 
35 gases emitted from the power generating turbine, before the passage of the compressed air into the combustion 
chamber. 

The gas compressor may be a multi-stage compressor comprising a series of individual compressors pro- 
viding for compression in stages. 

The primary liquid feed means may be disposed to feed water into air being compressed immediately 
40 upstream of each individual compressor. Alternatively, the primary liquid feed means is disposed to feed water 
into air being compressed within the individual compressors, during compression. For such a primary liquid feed 
means, the primary liquid feed means may be of a type that can feed water in fine droplet form into the individual 
compressors at various locations within the compressors along the path followed by air within the compressors 
during compression. The exact mode of liquid feed particularly is such that water erosion that can occur within 
45 the gas compressor is effectively minimised. 

The gas turbine of the invention may include intercooiing means between all the individual compressors. 
These intercooiing means may comprise heat exchangers that can employ a liquid cooling medium for cooling 
air compressed by the gas compressor between individual compression stages. 

The gas compressor of the gas turbine of the invention may be any suitable compressor that can provide 
60 for multi-stage compression and, as such, may be a multi-stage axial flow compressor having liquid feed means 
and intercooiing means and, preferably, may be a multi-stage centrifugal compressor having liquid feed means 
and intercooiing means. 

The primary heat exchanger of the gas turbine of the invention may define a first passage for compressed 
air from the gas compressor to pass through and a second passage for exhaust gases from the power generat- 
es ing turbine to pass through, the said passages being disposed to permit heating of the compressed air by the 
exhaust gases. 

Further according to the invention, the power generating turbine may be a multi-stage turbine with exhaust 
gases from the operative final stage turbine passing through the primary heat exchanger. 
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For one particular preferred embodiment of the invention, the power generating turbine may have a first 
exhaust outlet and a second exhaust outlet, the second exhaust outlet being connected to the gas compressor 
via the primary heat exchanger so that a controlled volume of exhaust gases from the power generating turbine 
can be cooled within the primary heat exchanger by compressed air passing therethrough and then be fed into 
5 the gas compressor under pressure, for complementing fresh air introduced into the gas compressor. 

For this embodiment of the invention, the exhaust gases from the power generating turbine can be fed into 
the gas compressor at a location downstream of the first compression stage provided for by the compressor. 
Also for this embodiment of the gas turbine, a secondary heat exchanger may be provided, which is disposed 
between the primary heat exchanger and the gas compressor, for cooling exhaust gases fed to the gas com- 
10 pressor by a liquid cooling medium. 

For this embodiment of the gas turbine and in which the power generating turbine is a multi-stage turbine, 
the first exhaust outlet may be provided by the operative final stage turbine and the second exhaust outlet by 
any operative prior stage turbine. 

In general, the gas turbine of the invention also may include a secondary liquid feed means for feeding 
15 water into air compressed by the gas compressor after compression. This secondary liquid feed means may 
include a water spray for feeding water in fine droplet form into the compressed air. 

Stai further according to the invention, the gas turbine may include a heat exchanger for heating water to 
be fed into air compressed by the gas compressor by exhaust gases having passed through the primary heat 
exchanger. Alternatively, or in addition, the gas turbine may include a heat exchanger for heating water to be 
20 fed into air compressed by the gas compressor by hot compressed air, the said heat exchanger being located 
in line with air passing from a compression stage of the compressor to an intercooler. 

The gas compressor also may include a fuel pump for feeding fuel under pressure to the combustion cham- 
ber. A heat exchanger also may be provided for heating fuel by exhaust gases having passed through the heat 
exchanger before the fuel is fed into the combustion chamber. 
25 Further according to the invention, the power generating turbine of the gas turbine may be a multi-stage 

turbine and the gas turbine may then include combustion chambers disposed between turbine stages for com- 
busting fuel mixed into gases passing from one turbine stage to the next 

SuH further, the gas turbine may include drainage means for draining water condensate formed as a result 
of cooling of compressed air at locations upstream of the primary heat exchanger. 
30 According to a second aspect of the invention there is provided a method of operating a regenerative gas 
turbine cycle, which includes the steps of 

polytropicaily compressing air in multiple stages to a predetermined pressure, keeping overall tempera- 
ture increases to a minimum by introducing determined quantities of water into the air compressed during its 
compression passage through a compressor and reducing the temperature of air compressed by feeding the 
35 air compressed through heat exchangers disposed between compression stages; 

heating the compressed air within a suitable primary heat exchanger by employing hot exhaust gases 
generated by the turbine; 

combusting fuel mixed with the heated compressed air for generating pressure/heat energy; and 
driving a power generating turbine by pressure/heat energy generated through combustion, for generat- 
40 ing power. 

The method of the invention also may include introducing water in fine droplet form substantially continu- 
ously into air being compressed during the actual compression stages. This water feed may be such that water 
erosion within the compressor is minimized. 

Also, the method may include employing cold water as a liquid cooling medium within the heat exchangers 
45 disposed between the compression stages of the compressor. 

The introduction of water into the air being compressed by the compressor particularly may be controlled 
so that substantially all the water vaporises upon introduction and the vapour content within the compressed 
air approaches saturation continuously. 

The method of the invention also may include introducing water in fine droplet form into compressed air 
50 from the compressor so that by the vaporisation of water so introduced, vapour saturation within the compres- 
sed air is approximated. 

The method may include heating water introduced into air compressed before its introduction by employing 
hot exhaust gases passing from the primary heat exchanger. Alternatively, or in addition, the method may 
include heating water by employing hot compressed air passing from a compression stage of the compressor 
55 to an intercooler. 

According to one particular method of operating a regenerative gas turbine cycle, in accordance with the 
invention, the method may include recirculating a portion of the exhaust gases from the power generating tur- 
bine back to the compressor to be combined under pressure with fresh air being compressed in the compressor, 
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the exhaust gases so recirculated being cooled within the primary heat exchanger. 

As such, the method may include introducing exhaust gases recirculated to the compressor into the com- 
pressor after the first stage of fresh air compression and controlling the mass of exhaust gases so introduced 
so that the mass of fresh air introduced and compressed in the first stage of compression is minimized, while 
5 not affecting substantially the total mass of the mixture compressed and the final pressure of the compressed 
medium leaving the compressor. 

This method also may include cooling exhaust gases recirculated to the compressor further within a sec- 
ondary heat exchanger utilising any suitable liquid cooling medium. 

In general, the method of the invention also may include compressing fuel before combustion thereof, as 
10 well as heating fuel before combustion thereof by employing hot exhaust gases passing from the primary heat 
exchanger. 

The method also may include generating power within a multi-stage power generating turbine and providing 
for combustion of fuel within gases passing between turbine stages, for maintaining gas temperatures. 

Stai further, the method of the invention may include draining water condensate from compressed air at 
15 locations where cooling of compressed air occurs and condensation can occur. 

Furthermore, the method of the invention may include compressing air for introduction into the compressor 
by an auxiliary compressor that is driven by an auxiliary power generating turbine driven by exhaust gases from 
the power generating turbine and cooling the said compressed air in a heat exchanger employing a liquid cool- 
ing medium before its introduction, into the compressor. 
20 The invention is now described, by way of examples, with reference to the accompanying diagrams, in 

which: 

Figure 1 shows a flow diagram of the operating cycle of a first embodiment of a gas turbine, in accordance 
with the invention; 

Fig ure 2 shows a flow diagram of the operating cycle of a second embodiment of a gas turbine, in accord- 
25 ance with the invention; 

Figure 3 shows a flow diagram of the operating cycle of a third embodiment of a gas turbine, in accordance 
with the invention; and 

Figure 4 shows a flow diagram of the operating cycle of a fourth embodiment of a gas turbine, in accordance 
with the invention. 

30 Referring initially to Figure 1 of the drawings, the operating cycle of a gas turbine operating on a regenera- 

tive gas turbine cycle, is designated generally by the reference numeral 1 0. The cycle 1 0 provides for the intro- 
duction of air into a compressor, generally indicated by the reference numeral 12, via an air inlet 14, the 
compressor 12 typically being a multi-stage centrifugal compressor including a first stage compressor 16, a 
second stage compressor 1 8 and a third stage compressor 20. 

35 The operating cycle 10 also provides for the introduction of water and, preferably, heated water, into the 
individual compressors 16, 18 and 20, via a water supply 22, the water being introduced into the air being com- 
pressed at various stages within the air passage through the compressors, water introduction being such that 
compressor erosion is kept to a minimum. A first heat exchanger 24 is provided between the compressor 16 
and the compressor 18 for cooling, by means of a liquid cooling medium such as water, air compressed within 

40 the first stage compressor 1 6, whereas a similar heat exchanger 26 is provided between the second stage com- 
pressor 18 and the third stage compressor 20, as illustrated. 

The operating cycle 1 0 provides further for the passage of air compressed by the compressor 12 to a prim- 
ary heat exchanger 28, the compressed air optionally passing through water feed means 30 for charging 
additional water into the compressed air upstream of the heat exchanger 28. This aspect is described in more 

45 detail hereafter. 

The heat exchanger 28 provides for heating of compressed air by means of hot exhaust gases emitted by 
the power generating turbine, generally indicated by the reference numeral 32, which power generating turbine 
32 includes a first stage power generating turbine 34 and a second stage power generating turbine 36. Exhaust 
gases from the second power generating turbine 36 are conveyed to the heat exchanger 28 by means of a 

50 suitable conduit 38, thus permitting the required heating of compressed air within the heat exchanger 28. 

From the heat exchanger 28 the heated compressed air is passed to a combustion chamber 40 where it 
is mixed with a suitable fuel and where combustion takes place for generating power/heat energy for driving 
the power generating turbine 32. As is clear from Figure 1 , exhaust gases from the first power generating turbine 
34 drives the second power generating turbine 36, the power generating turbine 32 providing for a power take- 

55 off 42 from which nett power generated can be taken off for different applications. As is clear from the diagram, 
the power generating turbine 32 is operatively connected to the compressor 12 to provide for driving of the com- 
pressor 12 for compressing air as set out above. The operating cycle of the invention optionally provides for 
heating of water within a heat exchanger 44 before its introduction into compressed air within the water feed 
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means 30, the heated water typically being partially obtained from condensate drawn via condensate outlets 
45 from the heat exchangers 24 and 26 as shown. The heat exchanger 44 utilises exhaust gases passing from 
the heat exchanger 28 to provide for the required heating of water before fed into the compressed air by the 
water feed means 30. 

5 Still further, a heat exchanger 46 is provided that employs exhaust gases having passed through the heat 

exchanger 44 for heating fuel before introduction into the combustion chamber 40, it being anticipated that the 
fuel can typically be methane fuel that can be provided under pressure. 

StOI further, the operating cycle 10 provides for the heating of water that is introduced into the compressor 
stages 16, 1 8 and 20, it being anticipated that this water can be heated by employing hot exhaust gases from 
10 the power generating turbine 32, for example, within the heat exchanger 44 and/or optionally by a heat 
exchanger 48 (only shown in dotted lines) disposed between the second stage compressor 18 and the heat 
exchanger 26 as illustrated. 

Water fed into the compressed air during and after compression Is fed into the compressed air at a con- 
trolled rate, the rate being such that substantially all water introduced will immediately vaporise upon introduc- 
es tion, with the objective being to approach vapour saturation of the compressed air continuously and in response 
to temperature increases in the compressed air, thus also maximizing the mass of compressed ar that will even- 
tually pass to the power generating turbine 32. 

It is already known that interccoiing as provided by the heat exchangers 24 and 26 will decrease the com- 
pressor work required without changing the turbine work, exhaust gases from the power generating turbine 
20 being utilised for the required heating of the air compressed before its introduction into the combustion chamber 
40. 

The introduction of regulated water feed during compression of air further reduces the compressor work 
required, while the additional working mass of gas leaving the compressor will increase the turbine output 
Clearly, the water feed means 30 need merely be utilised if compressed air leaving the compressor 20 is not 
25 completely saturated, the objective of the water feed means 30 thus being that compressed air must be com- 
pletely vapour saturated before its introduction into the heat exchanger 28. 

By the water introduction into the compressor 12 and the resulting water vaporisation, as a result of the 
changing in state of the water into a vapour form, heat is withdrawn from the air being compressed. This heat 
withdrawal causes the temperature of the combined gas and vapour to be lowered, which will In turn provide 
30 for a reduced compressor work input requirement in order to provide for the necessary compression. 

The lower gas temperatures leaving the compressor as a result of evaporative cooling, improves the 
regenerative heat exchange capacity of the cycle by being able to absorb more heat from exhaust gases, thus 
improving further the net cycle efficiency of the operating cycle. The lower temperature obtained during 
evaporative cooling is attributed essentially to the principle of partial pressures for air and water and the latent 
35 heat of vaporization for water. Also, by the recovery of sensible heat from the compressor exhaust within, for 
example, the heat exchanger 28 and also from the turbine exhaust to heat fuel and evaporative water, additional 
thermal efficiency increases can be provided for. 

Typical operating parameters employed within the operating cycle 10 as described above, are set out 
hereafter by way of an example and in respect of a typical gas turbine operating on a regenerative gas turbine 
40 cyde. 
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EXAMPLE 

INLET CONDITIONS : 

air : 

mass - 73.3 kg/s 

temperature - 15°C 

pressure - 101.3 kPa 
water : 

mass - 1 .268 kg/s into first stage compressor 

- 1 .1 49 kg/s into second stage compressor 

- 0.963 kg/s into third stage compressor 
temperature - 115°C 



OPERATING CONDITIONS : 

25 compressed air from compressor : 

temperature - 64.8°C 

pressure - 804.6 kPa 

30 water introduced into compressor and/or water feed means 

temperature - 116°C 

compressed air after primary heat exchanger : 
35 temperature - 606.8°C 

fuel : 

mass - 1.032 kg/s 

40 pressure - 81 0 kPa 

gas medium after combus tion chamber : 
temperature - 1140°C 

45 
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gas medium after first stage power generating turbine : 

temperature - 874.7°C 

5 pressure - 282.84 kPa 

exhaust gas from power generating turbine : 

temperature - 656.8°C 

10 exhaust gas leaving system : 

temperature - 143.2°C 

pressure - 101.3kPa 

15 

For the above parameters, the net output power from the power generating turbine can be 30.47 MW, pro- 
viding for a thermal efficiency of approximately 58,5%. 

Referring now to Figure 2 of the drawings, the operating cycle of a second embodiment of a gas turbine 
operating on a regenerative gas turbine cycle, in accordance with the invention, is designated generally by the 

20 reference numeral 50. With the same components and parts of the gas turbine being indicated by the same 
reference numerals as before, the cycle 50 is essentially the equivalent of the cycle 1 0 described with reference 
to Figure 1, except that a second combustion chamber 52 is provided between the first turbine stage 34 and 
the second turbine stage 36 to provide for the reheat of gas medium passing from the turbine stage 34 to the 
turbine stage 36, by combustion of additional fuel within the combustion chamber 52. 

25 The additional pressure/heat energy so generated increases the power output of the second power 
generating turbine 36 and as a result of this reheat of the gas medium passing between the turbine stages, 
and whereby the difference in temperature of gas medium entering the respective turbine stages is minimized, 
for the parameters as set out in the example above, the overall thermal efficiency of the gas turbine can be 
increased to approximately 60.9%. 

30 Referring now to Figure 3 of the drawings, the operating cycle of a third embodiment of a gas turbine operat- 

ing on a regenerative gas turbine cycle, is designated generally by the reference numeral 70. 

With like components and parts of the turbine again being indicated by the same reference numerals as 
before, this operating cycle provides for the division of exhaust gases from the first power generating turbine 
34, approximately one third of the exhaust gas medium from the power generating turbine 34 passing through 

35 the second power generating turbine 36, from which the exhaust gases then pass to the heat exchanger 28 
for the purpose of heating compressed air in the same manner as described above with reference to Figures 
1 andZ 

For this cycle, approximately two thirds of the exhaust gas medium from the first power generating turbine 
34 is recirculated to the compressor 12 by means of a conduit 72, the exhaust gases passing through the conduit 

40 72 passing through the heat exchanger 28 where it will serve to heat compressed air passing through the heat 
exchanger 28. This will result in cooling of the exhaust gases which wBI hence pass through an additional heat 
exchanger 74, which employs a liquid cooling medium such as water, to provide for additional cooling of exhaust 
gas medium. After the heat exchanger 74 all condensate is withdrawn from the exhaust gases before being 
introduced into the second stage compressor 18 of the compressor 12. 

45 The particular compressor 1 2 util ised here provides for the introduction of water into air to be compressed 
immediately before entering each compressor stage, suitable water feed means 76 thus being provided as 
shown. 

The exhaust gases recirculated are fed Into the compressor stage 1 8 under pressure, where it is combined 
with air compressed within the first compressor stage 1 6, the quantity of air introduced into the first compressor 
so stage 16 being approximately one third of the total compressed gas medium requirement of the gas turbine, 
with the remaining two thirds being provided by exhaust gases recirculated. 

The benefit of this cycle is that the work requirement of the compressor 12 is significantly reduced insofar 
as the power requirement within the first compressor stage 1 6 need merely be sufficient to compress approxim- 
ately one third of the total mass requirement of the gas to be compressed, unlike the full mass requirement 
55 that is compressed within the first compression stages of the first and second embodiments of turbines des- 
cribed with reference to Figures 1 and 2. 

The operating cycle 70 also provides for water heating whereas a compressor 78 is provided for compres- 
sing fuel before its introduction into the combustion chamber 40, which will further enhance the power/heat gen- 
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eratfon within the combustion chamber 40. 

Typical operating parameters employed within the operating cycle 70 as described above, are set out 
hereafter by way of an example and in respect of a typical gas turbine operating on a regenerative gas turbine 
cycle. 

EXAMPLE 

INLET CONDITIONS : 

air : 

mass - 24.43 kg/s 

temperature - 15°C 

pressure - 101.3kPa 

water : 

temperature - 115°C 
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OPERATING CONDITIONS : 
compressed air from compressor : 
temperature - 82.5°C 

pressure - 850 kPa 

water introduced into compressor and/or water feed means : 
temperature - 115°C 

compressed air after primary heat exchanger : 
temperature - 675°C 

fuel : 

mass - 0.89 kg/s 

temperature - 251.7°C 

gas medium after combustion chamber : 
pressure - 1291 .5 kPa 

temperature - 1140°C 

gas medium before heat exchanger 28 after first stage power generating turbine : 
mass - 49.5 kg/s 

temperature - 741 .8°C 

pressure - 237.3 kPa 

gas medium after first stage power generating turbine and after heat exchangers 
28 : 

temperature - 1 34.4°C 

gas medium from first stage power generating turbine to second stage power 

generating turbine : 

mass - 24.4 kg/s 

pressure - 237.3 kPa 

Temperature - 741 .8°C 

exhaust gas from second stage power generating turbine : 
pressure - 102.3 kPa 

temperature - 579.3°C 

For the above parameters net output power from the power generating turbine can be 27.25 MW providing 
for a thermal efficiency of the turbine of 61.24%. 

Referring now to Figure 4 of the drawings, the operating cycle of a fourth embodiment of a gas turbine 
operating on a regenerative gas turbine cycle is designated generally by the reference numeral 100. Once 
again, with the same components and parts being identified by the same reference numerals as before, the 
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cycle as shown in Figure 4 is essentially the equivalent of the cycle as shown in Figure 3, except insofar as 
the mode of water introduction is equivalent to that of the cycles as shown in Figures 1 and 2 and exhaust gases 
from the second stage power generating turbine 36 before being passed through the heat exchanger 28 are 
utilised to drive an auxiliary turbine 102, which in turn can drive an auxiliary compressor 104, the compressor 
104 providing for the compression of air and water before introduction thereof into the main compressor 12. 
The air/water mixture so compressed within the compressor 104 is first passed through a heat exchanger 106 
that can cool the compressed medium, utilising a liquid cooling medium such as water, before introduction into 
the compressor 12* This pre-compression of air once again reduces the power requirements of the compressor 
12 and thus again enhances the overall thermal efficiency of a gas turbine by operating on the cycle 1 00 as 
shown. 

Typical operating parameters employed within the operating cycle 100 as described above, are set out 
hereafter by way of an example and in respect of a typical gas turbine operating on a regenerative gas turbine 
cycle. 

EXAMPLE 

INLET CONDITIONS : 
air into auxiliary compressor : 
mass - 24.43 kg/s 

temperature - 15°C 

pressure - 1 01 .3 kPa 

water into auxiliary compressor : 
mass - 0.279 kg/s 

temperature - 115°C 

air Into main compressor : 
temperature - 24.8°C 

pressure - 149kPa 

water introduced into compressor : 

mass - 1 .155 kg/s into first stage compressor 

- 0.998 kg/s into second stage compressor 

- 0.816 kg/s into third stage compressor 
temperature - 115°C 
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OPERATING CONDITIONS: 
compressed air from compressor : 
temperature - 69°C 

pressure - 1186 kPa 

water introduced into water feed means : 
temperature - 115°C 

compressed air after primary heat exchanger : 
temperature - 615°C 

fuel into combustion chamber : 
mass - 0.99 kg/s 

pressure - 1200 kPa 

gas medium after combustion chamber : 

temperature - 1140°C 

gas medium after first stage power generating turbine : 

temperature - 884°C 

pressure - 424.26 kPa 

exhaust gas from second power generating turbine for recirculation : 

mass - 49.5 kg/s 

temperature - 665°C 

pressure - 150 kPa 

gas medium for recirculation after heat exchanger : 

temperature - 120°C 

gas medium between auxiliary compressor and heat exchanger : 
mass - 150 kPa 

temperature - 592.8°C 

exhaust gases after heat exchanger : 
temperature - 120°C 

For the above parameters, the net output from the power generating turbine can be 30.19 MW, providing 
for a thermal efficiency of approximately 60.71 %. 

In general, it must be understood that the main features of all four the above cycles relate to the introduction 
of water into the compressors 12, which provides the benefits as are set out above, the various other features 
of the cycles as described above being employable in combination with the different cycles in order to gain 
maximum advantage for particular applications. For example, reheating of gas medium between power generat- 
ing turbine stages can be utilised for the cycles as illustrated in Figures 3 and 4, whereas the cycle illustrated 
in Figure 3 also can provide for the continuous introduction of water during actual compression within the com- 
pressor stages. Various other features also can be used separately or in combination. 
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The operating cycles of the gas turbines as described above clearly provide for exceptionally high efficien- 
cies so that for a predetermined required work output and when compared with known gas turbines, fuel require- 
ments can be almost halved. Also, the mass of gas utilised in the cycles are halved, leading to smaller turbines, 
which in turn provides for cheaper turbines. 
5 A further advantage of the introduction of water vapour into compressed air is that levels of NO emission 

is low, while combustion efficiencies are high. The cycles of the invention also provide for rapid start-up and 
response and for power station applications, as no boiler plants are required, gas turbines are provided as rela- 
tively compact units. 

Gas turbines in accordance with the invention also permit the use of various types of fuel, which may both 
10 include gas and liquid fuels. 



Claims 

is 1. A gas turbine operating on a regenerative gas turbine cycle, characterized in that it includes 

a gas compressor for poIytropicaJIy compressing air in multiple stages, the gas compressor having 
primary liquid feed means for feeding water at a controlled rate into air during its compression passage 
through the compressor, and at least one intercooling means for cooling air compressed, which is disposed 
between two of the compression stages provided for by the compressor; 
20 at least one combustion chamber for combusting a fuel mixed with heated compressed air from the 

gas compressor for generating pressure/heat energy; 

a power generating turbine that can be driven by pressure/heat energy generated within the com- 
bustion chamber for generating power; and 

a primary heat exchanger means for heating compressed air from the gas compressor by hot 
25 exhaust gases emitted from the power generating turbine, before the passage of the compressed air into 

the combustion chamber. 

2. A gas turbine as claimed in Claim 1 , characterized in that the gas compressor is a multi-stage compressor 
comprising a series of individual compressors providing for compression in stages. 

30 

3. A gas turbine as claimed in Claim 2, characterized in that the primary liquid feed means is disposed to feed 
water into air being compressed immediately upstream of each individual compressor. 

4. A gas turbine as claimed in Claim 2, characterized in that the primary liquid feed means is disposed to feed 
35 water into air being compressed within the individual compressors, during compression. 

5. A gas turbine as claimed in Claim 4, characterized in that the primary liquid feed means is of a type that 
can feed water in fine droplet form into the individual compressors at various locations within the compres- 
sors along the path followed by air within the compressors during compression. 

40 

6. A gas turbine as claimed in any one of Claims 2 to 5, characterized in that it includes intercooling means 
disposed between all the individual compressors. 

7. A gas turbine as claimed in Claim 6, characterized in that the intercooling means comprise heat exchangers 
45 that can employ a liquid cooling medium for cooling air compressed by the gas compressor between indi- 
vidual compression stages. 

8. A gas turbine as claimed in any one of Claims 2 to 7, characterized in that the gas compressor is a multi- 
stage centrifugal compressor having liquid feed means and intercooling means. 

so 

9. A gas turbine as claimed in any one of the preceding claims, characterized in that the primary heat 
exchanger defines a first passage for compressed air from the gas compressor to pass through and a sec- 
ond passage for exhaust gases from the power generating turbine to pass through, the said passages being 
disposed to permit heating of the compressed air by the exhaust gases. 

55 

10. A gas turbine as claimed in Claim 9, characterized in that the power generating turbine is a multi-stage 
turbine with exhaust gases from the operative final stage turbine passing to the primary heat exchanger. 
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11. A gas turbine as claimed in any one of Claims 1 to 8, characterized in that the power generating turbine 
has a first exhaust outlet and a second exhaust outlet, the second exhaust outlet being connected to the 
gas compressor via the primary heat exchanger so that a controlled volume of exhaust gases from the said 
second exhaust outlet can be cooled within the primary heat exchanger by compressed air passing there- 

5 through and then be fed into the gas compressor under pressure, for complementing fresh air introduced 

into the gas compressor. 

12. A gas turbine as claimed in Claim 11, characterized in that the exhaust gases from the second exhaust 
outlet can be fed into the gas compressor at a location down stream of the first compression stage provided 

10 for by the compressor. 

13. A gas turbine as claimed in Claim 11 or Claim 12, characterized in that it includes a secondary heat 
exchanger disposed between the primary heat exchanger and the gas compressor, for cooling exhaust 
gases fed to the gas compressor by a liquid cooling medium. 

15 

14. A gas turbine as claimed in any one of Claims 1 1 to 1 3, characterized in that the power generating turbine 
Is a multi-stage turbine with the first exhaust outlet being provided by the operative final stage turbine and 
the second exhaust outlet by an operative prior turbine. 

20 15. A gas turbine as claimed In any one of the preceding claims, characterized in that it includes a secondary 
liquid feed means for feeding water into air compressed by the gas compressor after compression. 

16. A gas turbine as claimed in Claim 15, characterized in that the liquid feed means includes a water spray 
for feeding water in fine droplet form into the compressed air. 

25 

17. A gas turbine as claimed in any one of the preceding claims, characterized In that it includes a heat 
exchanger for heating water to be fed into air compressed by the gas compressor by exhaust gases having 
passed through the primary heat exchanger. 

30 18. A gas turbine as claimed in any one of the preceding claims, characterized In that it includes a heat 
exchanger for heating water to be fed into air compressed by the gas compressor by hot compressed air, 
the said heat exchanger being located in line with air passing from a compression stage of the compressor 
to an intercooler. 

35 19- A gas turbine as claimed in any one of the preceding claims, characterized in that it includes a fuel pump 
for feeding fuel under pressure to the combustion chamber. 

20. A gas turbine as claimed in any one of the preceding claims, characterized in that it includes a heat 
exchanger for heating fuel by exhaust gases having passed through the heat exchanger before the fuel is 

40 fed into the combustion chamber. 

21. A gas turbine as claimed in any one of the preceding claims, characterized in that the power generating 
turbine is a multi-stage turbine and which includes combustion chambers between turbine stages for com- 
busting fuel mixed into gases passing from one turbine stage to the next 

45 

22. A gas turbine as claimed in any one of the preceding claims, characterized in that it includes drainage 
means for draining water condensate formed as a result of cooling of compressed air at locations upstream 
of the primary heat exchanger. 

so 23. A method of operating a regenerative gas turbine cycle, characterized in that it includes the steps of 

polytropically compressing air in multiple stages to a predetermined pressure, keeping overall tem- 
perature increases to a minimum by introducing determined quantities of water into the air compressed 
during its compression passage through a compressor and reducing the temperature of air compressed 
by feeding the air compressed through heat exchangers disposed between compression stages; 
55 heating the compressed air within a suitable primary heat exchanger by employing hot exhaust 

gases generated by the turbine; 

combusting fuel mixed with the heated compressed air for generating pressure/heat energy; and 
driving a power generating turbine by pressure/heat energy generated through combustion, for 
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generating power. 

24. A method as claimed in Claim 23, characterized in that it includes introducing water in fine droplet form 
substantially continuously into air being compressed during the actual compression stages. 

5 

25. A method as claimed in Claim 23 or Claim 24, characterized in that it includes employing cold water as a 
liquid cooling medium within the heat exchangers disposed between the compression stages of the com- 
pressor. 

10 26. A method as claimed in any one of Claims 23 to 25, characterized in that It includes controlling the intro- 
duction of water into the air being compressed by the compressor so that substantially all the water vapor- 
ises upon introduction and the vapour content within the compressed air approaches saturation 
continuously. 

1$ 27. A method as claimed in any one of Claims 23 to 26, characterized in that it includes introducing water m 
fine droplet form into compressed air from the compressor so that by the vaporisation of water so intro- 
duced, vapour saturation within the compressed air is approximated. 

28. A method as claimed in any one of Claims 23 to 27, characterized in mat it includes heating water introduced 
20 into air compressed before its introduction by employing hot exhaust gases passing from the primary heat 

exchanger. 

29. A method as claimed in any one of Claims 23 to 28, characterized in that it includes heating water introduced 
into air compressed before its introduction by employing hot compressed air passing from a compression 

25 stage of the compressor to an intercooler. 

30. A method as claimed in any one of Claims 23 to 29, characterized In that it includes recirculating a portion 
of exhaust gases from the power generating turbine back to the compressor to be combined under pressure 
with fresh air being compressed in the compressor, the exhaust gases so recirculated being cooled within 

30 the primary heat exchanger. 

31. A method as Claimed in Claim 30, characterized in that it includes introducing exhaust gases recirculated 
to the compressor into the compressor after the first stage of fresh air compression and controlling the mass 
of exhaust gases so introduced so that the mass of fresh air introduced and compressed in the first stage 

35 of compression is minimized, while not affecting substantially the total mass of the mixture compressed 
and the final pressure of the compressed medium leaving the compressor. 

32. A method as claimed in Claim 30 or Claim 31 , characterized in that ft includes cooling exhaust gases recir- 
culated to the compressor further within a secondary heat exchanger utilising any suitable liquid cooling 

40 medium. 

33. A method as claimed in any one of Claims 23 to 33, characterized in that it includes compressing fuel before 
combustion thereof. 

45 34. A method as claimed in any one of Claims 23 to 34, characterized in that it includes heating fuel before 
combustion thereof by employing hot exhaust gases passing from the primary heat exchanger. 

35. A method as claimed in any one of Claims 23 to 34, characterized in that it includes generating power within 
a multi-stage power generating turbine and providing for combustion of fuel within gases passing between 

so turbine stages, for maintaining gas temperatures. 

36. A method as claimed in any one of Claims 23 to 35, characterized in that it includes draining water con- 
densate from compressed air at locations where cooling of compressed air occurs and condensation can 
occur. 

55 

37. A method as claimed in any one of Claims 23 to 36, characterized in that it includes compressing air for 
introduction into the compressor by an auxiliary compressor that is driven by an auxiliary power generating 
turbine driven by exhaust gases from the power generating turbine and cooling the said compressed air 
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in a heat exchanger, employing a liquid cooling medium, before its introduction into the compressor. 
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